The contamination of the arctic aquatic food chain by organochlorine compounds (OCs) has been documented during the last decade (1) (2) (3) (4) . This group of chemicals indudes pesticides (e.g., dieldrin, mirex, and toxaphene), industrial compounds and by-products of various industrial processes [e.g., hexachlorobenzene (HCB), polychlorinated biphenyls (PCBs), polychlorodibenzo-pdioxins (PCDDs), and polychlorodibenzofurans (PCDFs)]. In spite of regulatory actions adopted since the late 1970s in North America and Western Europe to limit their emission into the environment, these substances are still being released because of improper storage and disposal and because of their ongoing use in other parts of the world.
Once emitted into the environment at the middle and lower latitudes, OCs reach the Arctic via long-range atmospheric and oceanic transport (1) . High lipophilicity and poor biodegradability lead to their bioconcentration in the fatty tissues of organisms. Biomagnification also occurs through the arctic aquatic food chain, resulting in relatively high levels of contaminants in top predator species (polar bear, beluga, seal) (2) (3) (4) (5) 2,3,7,8-tetra- chlorodibenzo-p-dioxin (TCDD), such as non-and mono-ortho chloro-substituted PCBs and 2,3,7,8-chloro-substituted PCDD/PCDFs. These molecules can bind to the aryl hydrocarbon receptor (11) , and the ligand-receptor complex triggers the expression of genes that are involved in cell proliferation and differentiation (12) . In almost all of the animal species tested, including primates, PCDD/PCDFs and PCBs produce myelosuppression, immunosuppression, thymic atrophy, and inhibition of immune complement system components (13) . Exposure to TCDD during pre-and/or postnatal life results in more severe effects than if the chemical is administered during adult life and in some species may be a prerequisite for immunosuppression (14) (15) . In fact, available evidence in laboratory animals suggests that the maturation of the immune system is especially vulnerable to the adverse effects of dioxin-like compounds, chlordane, hexachlorobenzene, polycyclic aromatic hydrocarbons, and possibly endocrine-disrupting compounds such as DDT and kepone (16,1X. In children and young adults accidentally exposed to PCBs and PCDFs in Taiwan (YuCheng disease), serum IgA and IgM concentrations as well as percentages of total T cells, cytotoxic T cells, and suppressor T cells were decreased as compared to values in age-and sex-matched controls (18) . The investigation of delayed-type hypersensitivity responses further indicated that cell-mediated immune system dysfunction was more frequent among patients than controls. Infants born to mothers who had Yu-Cheng disease had more episodes of bronchitis or pneumonia during their first 6 months of life than did unexposed infants from the same neighborhoods (19) . The authors speculated that the increased frequency of pulmonary diseases could be the result of a generalized immune disorder induced by transplacental or breast milk exposure to dioxin-like compounds, more likely PCDFs (19) . Children 8 to 14 years of age who were born to mothers with Yu-Cheng disease are more prone to middle ear diseases than matched controls (20) .
For many years young native children from Nunavik have had a high incidence of infectious diseases, in particular meningitis, bronchopulmonary, and middle ear infections (21) (22) (23) cause to hearing is a major problem for Inuit children and adults. In fact, Inuit in Nunavik report hearing loss as their most common chronic health problem (24) . In 1984, 78% of Inuit school children in Kuujjuarapik had current or previous ear infections and 23% of the children had a significant hearing loss in one or both ears (25) . The prevalence of hearing loss among 74 students tested in Inukjuak in 1988 was 24% (23) . In 1995-1996, screenings performed on the coast of Ungava found a 28% rate of hearing loss in students (26) . The reason for the high incidence of middle ear infections in Inuit children is unknown. Genetically determined IgG2 deficiency may be involved (27) dieldrin) were measured in milk fat extracts using high resolution gas chromatography with electron capture detection, according to the method previously described by Dewailly et al. (8) .
Follow-up of infants. At 3, 7, and 12 months of age, infants were seen by a nurse at the nursing station in their community. At these visits the nurse performed blood sampling and a medical evaluation. Information was obtained regarding the breast-feeding status as well as the time of introduction and the identity of breast milk substitutes and solid foods. The nurse was also trained to screen for the skin problems that were observed in Taiwanese children after prenatal and postnatal exposure to PCBs and PCDFs (19) . These skin problems were scalp folliculitis, blackhead or acne on the face or body, enlargement of moebius glands and eyelid edema, toenail deformations (concave, ingrown nail), and brown hyperpigmentation of the lips, gums, nails, and the surrounding skin.
The occurrence of selected infectious diseases of high prevalence in Nunavik was documented during the first year of life (from birth to 3 months, between 4 and 7 months, and from 8 to 12 months of age). More specifically, the occurrence of the following infections was recorded: otitis media (ear infection), tonsillitis and pharyngitis, laryngitis and tracheitis, bronchitis and bronchiolitis, pneumonia, flu, sinusitis and rhinitis, and various skin problems (impetigo, cellulitis, allergies, and eczema). Otitis We used Student's t-test or the chi-square test to evaluate the statistical significance of differences between breast-fed and bottle-fed groups with regard to selected participant characteristics. We computed relative risks for breast-fed infants for the occurrence of infectious diseases during each follow-up period as compared to the bottle-fed group. Relative risks were also used to assess differences in disease occurrence between breastfed subgroups (tertiles of OC exposure using the lowest tertile as the comparison group). We conducted logistic regression analyses to control for confounding factors, and we assessed differences between bottle-fed and breast-fed groups for immunologic parameters using Student The relative risk of various infectious diseases among breast-fed infants during the first year of life is presented in Table 3 . During the first follow-up period, the risk of otitis media among breast-fed infants appeared lower than in bottle-fed infants, although statistical significance was not reached. The relative risks of otitis media later during the first year of life were close to 1. The relative risk of pneumonia during the second follow-up period was lower in breastfed infants as compared to the bottle-fed group. The incidence of pharyngitis and tonsillitis among bottle-fed infants during the third follow-up period was 10.9%, although no breast-fed infant contracted this infectious disease. Table 5 ). Prenatal exposure to HCB and DDE also increased the risk of contracting . 3 otitis media episodes ( Table 6 ). The mean breast-feeding duration of infants enrolled in the present study was 35 weeks, ranging from 4 to 52 weeks. Logistic regression analysis taking into account breast-feeding duration, maternal age, and the duration of past breast-feeding episodes yielded similar associations. OC exposure was not related to the incidence of bronchopulmonary diseases (data not shown). 
Discussion
Inuit children from various regions of the Arctic are at increased risk for otitis media (25, 30, 31) . In the present study, 80.5% of Inuit infants experienced at least one otitis media episode during the first year of life.
Ingvarsson and colleagues (32) reported an annual incidence of 38% for boys and 30% for girls in Sweden. Among children in Finland, the annual incidence of otitis media was 38 and 28% for boys and girls, respectively (33) , and in one American study conducted in Boston, it was 62% for boys and girls combined (34).
Infante-Rivard and Fernandez (35) reviewed the literature on otitis media in children and noted that breast-feeding duration appears to be a protective factor, especially very early in life when children are more susceptible to the disease and more likely to have recurrent and persistent otitis media with effusion. In Labrador, Canada, a study among 238 Inuit revealed that breast- (37) observed that protection through breast-feeding seems to last only for the first 3 months, after which the relationship does not hold and may even be reversed.
Results from the present study also suggest that breast-feeding during the first trimester affords protection against acute otitis media, although this result did not reach statistical significance (Table 3 ). The protection early in life could be related to the transfer of maternal antibodies from the mother to the infant during the first months of breastfeeding. Organochlorines accumulate in the newborn during the breast-feeding period (38) (39) (40) and could eventually reach concentrations that are detrimental to immune system function. However, we could not address the effect of postnatal OC exposure in the present study. The limited amount of blood collected from infants at follow-up visits was not enough to allow the determination of organochlorine concentrations. The relative risk of acute otitis media was related to prenatal exposure to some organochlorines during the second follow-up period (Table 4) as well as during the entire first year of life (Table 5) . Furthermore, the risk of experiencing several episodes of the disease during the first year of life was also associated with prenatal exposure to these compounds (Table 6 ). Our results do not allow us to identify which compounds could be responsible for the increased susceptibility of Inuit infants to otitis media. Associations with otitis media were most consistent with p,p'-DDE and HCB. However, because all OCs originate from the same few food items and share a number of properties (persistence, liposolubility), their concentrations in breast milk are correlated to each other. Therefore, associations of health outcomes with p,p'-DDE or HCB may be due to other OCs found in the organochlorine mixture.
To our knowledge, this study is the first to report an association between the incidence of otitis media and chronic environmental exposure to organochlorines. In Taiwan, infants of mothers with Yu-Cheng disease, who were transplacentally exposed to PCBs and PCDFs, experienced a greater number of bronchitis episodes during their first year of life than unexposed children (19) . Between 8 and 14 years of age, these children also had a significantly higher prevalence of middle ear diseases than their age-matched controls (20) . In contrast, Weisglas-Kuperus et al. (41) Table 7 . Immunologic parameters for breast-fed and bottle-fed infants during the first year of life.
3-month-old infantstudy, the risk of otitis during the first year of life was mainly associated with prenatal exposure to DDE and HCB; these compounds were not measured in the Dutch study. The Inuit population and the Dutch population differ greatly with regard to the source of OC exposure: sea mammal fat consumption is the major source in Inuit people (8) , whereas in the Netherlands, dairy products and industrial oils used by the food industry in the preparation of various foodstuffs are the largest contributors (44. These dietary sources are likely to differ substantially in terms of both contaminant and nutrient contents, which may have an impact on the susceptibility to infections.
Of the 213 infants originally induded in the study, only 118 (55.4%) were followed during the entire first year of life. This raises the possibility of selection bias in our study group. However, further analyses of our data revealed that similar proportions of breastfed and bottle-fed newborns did not attend any follow-up examinations or attended either one, two, or all three examinations (data not shown). Also, within the breast-fed group the percentages of infants who attended all three visits did not differ according to tertiles of OC concentration in breast milk. Moreover, maternal age and weight and infant weight and gestation length were not statistically different in the infants who attended at least one examination and in those who did not attend any follow-up examination. Hence, infants who were lost from the cohort or who missed one or two clinical examinations during the first year of life appear similar to those who completed the study. Finally, statistical analyses were also performed using only data from newborns who attended all three of the followup visits and similar results were observed (data not shown).
Our results could have been influenced by confounding factors. Three major factors have been associated with acute otitis media in several studies and therefore constitute possible confounding factors (35): breastfeeding (protective factor), crowding (risk factor), and passive smoking (risk factor). In the present study, we did not collect information on crowding or smoking; however, neither of these was likely to be a confounding factor here. Crowding as encountered in daycare centers can facilitate the propagation of infectious diseases among children; however, there are few day-care centers or family daycare homes in Nunavik. Crowding may also be present in large families, but based on data collected from the Sante Quebec Inuit Health Survey (24) , which was conducted during 1992-1993 in Nunavik, no relationship was noted between the number of children at home and maternal OC plasma concentrations. Analysis of smoking data also obtained from the Sante Qu6bec Inuit Health Survey (24) revealed no association between cigarette consumption (average number of cigarettes smoked per day) and OC plasma concentrations in Inuit women between 18 and 39 years of age (75% of the women in this age group were smokers). In the present study we had information on the duration of breast-feeding, a protective factor for the development of otitis media. Associations between prenatal OC exposure and the risk of otitis media were not significantly modified when we performed logistic regression analyses to control for breast-feeding duration and for two factors associated with maternal OC body burden: maternal age and the total duration of past breastfeeding periods.
Because of results suggesting the existence of a relationship between middle ear infection and prenatal OC exposure, a reduction of organochlorine body burden in Inuit women of reproductive age appears desirable. The reduction of organochlorine body burden in this Inuit population has been encouraged by promoting the consumption of traditional food items that are high in nutritive elements and low in contaminants [i.e., red char (Salvelinus salvelinus)]. Because of study protocol limitations, we were unable to determine the influence of postnatal OC exposure on the risk of infectious diseases in Inuit infants. Nonetheless, because the risk of infectious diseases in breast-fed infants was not higher as compared to that of bottle-fed infants, it indicates that global postnatal OC exposure does not increase the susceptibility of Inuit infants to infections. As a result, women were advised not to modify their breast-feeding habits because of the beneficial aspects of this practice for both the infant and the mother.
